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Though most studies on DS have focussed on the epilepsy aspects of the syndrome and poorly controlled seizures remain a core problem in many if not all patients with DS, behavioural and motor features of SMEI, which have been assumed to result from a so-called epileptic encephalopathy, likewise deserve clinical and scientific recognition.
Every study on SMEI, of course, reports on the cognitive outcome of patients diagnosed with this syndrome, which is poor in almost all cases. An arrest or deterioration of cognitive development in previously normal children is recognised between 1 and 4 years of age, starting in the second year of life in most cases and leading to moderate or severe intellectual disability (ID) [Dravet et al., 2005; Wolff et al., 2006; Ragona et al., 2010] . In few patients, only a more favourable cognitive outcome with only mild ID has been reported [Incorpora, 2009; Ragona et al., 2010] .
Neurological signs and symptoms in SMEI are mentioned in the literature on the sidelines only. Authors most frequently refer to cerebellar and pyramidal signs and tremor, but dystonia, dyskinesia and bradykinesiarigidity as well as hemiparesis were also reported [Dravet et al., 1982 [Dravet et al., , 2002 [Dravet et al., , 2005 Yacoub et al., 1992; Oguni et al., 2001; Jansen et al., 2006; Ragona et al., 2010] .
There are only few data on neuropsychological and behavioural findings in individuals with DS. In a study on neuropsychological aspects in 20 children with DS, poor visuomotor skills were found in all children aged 4-13 years together with behavioural traits of hyperactivity, poor relational capacities and gestural stereotypies [Wolff et al., 2006] . Hyperactivity and attention deficits are reported in other studies on children with DS [Yakoub et al., 1992; Dravet et al., 2002; Ragona et al., 2010] . In adults with SMEI, however, a behavioural change seems to become obvious and 'behaviour is no more hyperactive and rather characterised by slowness and perseverance' [Dravet et al., 2002] .
Here, 5 cases of adults with SMEI and SCN1A mutations are reported, showing a common distinctive motorbehavioural phenotype with bradykinesia, hypomimia, bradyphrenia and perseverative utterances, besides ataxia and spasticity. The first patient was diagnosed with DS according to epilepsy criteria (and in contempt of his severe motor impairment) years before mutations of the SCN1A gene could be detected in DS. However, once the SCN1A mutation had been detected in this patient, years after the initial clinical diagnosis of SMEI, the authors realized the DS-signalling motor and behavioural symptoms in the subsequent cases.
Case Reports
Patient A This 44-year-old male patient was born to healthy nonconsanguineous parents without complications (vaginal delivery) after an uneventful pregnancy. The patient's birth weight was 3,300 g, length 54 cm and occipitofrontal circumference 36 cm; Apgar score was 10 at 5 min. There was no family history of epilepsy or febrile seizures, ID or motor disorders. His psychomotor development seemed to be normal until the age of 8 months, when he started to speak single words. A few months later he stopped speaking. He again engaged in communication at the age of 4 years using meaningful words and short sentences; he started to walk unaided, but his movements were slow and gait ataxia was soon described. From the beginning of his fourth decade on he developed a slowly progressive spasticity of his legs and was only able to walk 1-2 m independently.
He attended a special school for children with learning disabilities and could not acquire basic arithmetic and reading skills. After school, he worked in a centre for sheltered work and lived in a residential home.
Epilepsy in patient A started with a febrile generalised tonicclonic seizure (GTCS) a few days after birth, and he experienced another 6 fever associated GTCS during his first year. In spite of an anticonvulsive treatment with phenobarbitone and primidone, the course of his epilepsy was unfavourable with several GTCS/ month. Tonic seizures, atypical absences, obtundation status, and complex-partial seizures emerged over time. He experienced a generalised convulsive status epilepticus when he was 5 and 15 years old. Despite of numerous changes of the anticonvulsive treatment, the epilepsy has not been sufficiently controlled with 2 or 3 GTCS occurring per week. Since the patient was 35 years old, recurrent hallucinatory symptoms -he was convinced that a dog is around and threatens him -appeared.
On neuropsychiatric evaluation at 44 years, the patient spoke very slowly with a thin, dysarthrophonic voice. He used sentenc- es with 3 to 5 words, responding with substantial latency and with a significant perseverative reiteration. His mood was balanced with small modulation. No indication of delusional or hallucinatory symptoms was present. Neurological examination revealed a fragmentation of smooth pursuit movements of the eyes, a horizontal gaze-dependent nystagm to both sides, marked hypomimia of the midface, and drooling saliva. There was a marked spasticity more pronounced in the legs than in the arms and no evidence of sensory dysfunctions. Deep tendon reflexes of the 4 limbs were brisk, more pronounced in the legs but without a Babinski's sign. There was mild dysmetria in the finger to nose test and asynergy in rapid-alternating supination-pronation tests on both sides as well as an upper-limb tremor during action. All movements were markedly slowed. Stance and gait showed postural instability and a spastic-ataxic gait disturbance was obvious and pronounced genua valga.
The EEG at 44 years showed a slowed background slowing (6-7 Hz) but no focal slowing or epileptiform activity.
The cerebral magnetic resonance imaging (MRI) at 37 years revealed a reduced volume of the forebrain and mild cerebellar atrophy. There was slightly increased signal and reduced volume of the periventricular white matter, spreading into the subcortical white matter of the left inferior frontal gyrus.
Sequence analysis identified a novel SCN1A mutation in exon 14 (c.2473_2476delTACT; p.Tyr825fs; exon 14).
Patient C
This 19-year-old male patient was born to healthy, nonconsanguineous parents. Pregnancy and delivery were uneventful (36 weeks gestation, body weight 2,140 g, Apgar scores 9 and 10 at 1 and 5 min, respectively). Respiratory problems during the neonatal period were reported. There was no family history of neuropsychiatric disorders, especially not of epileptic seizures or febrile convulsions. Early development was normal until the age of 3 years, except for a mildly delayed language acquisition. Thereafter, a decline in cognitive-intellectual functions was recognised leading to severe learning disabilities. He was able to speak 4-word sentences at 3 years but did not gain more language abilities; his speech became more and more slurred. Motor functions developed almost normal until about 5 years (he was able to run, jump and swim) but declined thereafter, in parallel with an increase in seizure activity. At 14 years of age, a scoliosis was operated on; from then on, the patient experienced a slow loss of motor functions, increasing rapidly during the last years.
First seizures were witnessed in the patient when he was 11 months old: staring spells with a version of the head. Shortly afterwards, a febrile GTCS occurred and, another 6 months later, myoclonic seizures appeared together with lateralised GTCS and atypical absence seizures/obtundation status; temporarily convulsive seizures occurred preferentially during sleep. Nearly all classical and newer anticonvulsive drugs (including stiripentol) as well as vagus nerve stimulation therapy failed to achieve seizure control.
Neuropsychiatric examination at 19 years revealed significantly delayed response time; the patient answered correctly to questions with a lag up to 60 s. His speech was slurred and slowed with a thin voice. He was able to talk in short incomplete sentences which he reiterated in a perseverative manner. A fragmentation of smooth pursuit movements of the eyes was noticeable but no abnormal nystagm. There was a marked hypomimia of the patient's midface and drooling with wide-opened mouth. He was able to protrude his tongue but failed to move it sidewards. There were no sensory deficits detectable but a significant spasticity of the trunk and limbs, pronounced on legs and on the left side. Deep tendon reflexes of the arms were normal (slight accentuation on the right side), but there was a symmetric hyperreflexia in the lower limbs without extensor plantar response. Disequilibrium with a very slow spastic-ataxic gait was noted and marked genua valga.
EEG revealed bilateral -activity (5-6/s) over the frontal regions with superimposed slow -␦ waves and bifrontal sharp waves.
MRI at 16 years showed a widening of the subarachnoid space over both frontal lobes and of the lateral ventricles as well as a mild atrophy of the cerebellum.
Sequence analysis identified an already known missense SCN1A mutation in exon 16 (c.2947-G 1 T; p.Val983Phe) [Kanai et al., 2004] .
Developmental history, epilepsy data, clinical, MRI, and EEG as well as molecular genetic findings of 2 additional female (patient D, E) and 1 male (patient B) patients have much in common with the cases reported above and are listed together with the latter in tables 2-6 . Photos of each patient are shown in figure 1 . The epilepsy therapy proved to be difficult in all patients; almost all anticonvulsive drugs, including bromide, were employed as treatment.
Discussion
DS is primarily recognised and defined as an epileptic syndrome in infancy and childhood. There are no more detailed reports on motor functions and behaviour characteristics of patients diagnosed with this syndrome in adulthood. Even a recently published long-term follow-up study of DS up to adulthood mentioned only 'ataxic gait' in 13 of 31 adult patients enclosed in the study and 'clumsiness' in 11 subjects; 4 patients were reported to have experienced 'gradual deterioration in motor ability' during adolescence and/or adulthood [Akiyama et al., 2010] .
A few years ago, we saw a patient (patient A) with considerable motor impairment and a characteristic epilepsy history suggestive of SMEI. Because of the markedness of his movement disorder, we initially hesitated to diagnose him with DS but initiated genetic analysis as soon as it became routinely disposable. Thereafter, we recognised further SMEI patients with very similar motor and behavioural characteristics, the history and clinical/paraclinical findings of which are presented above.
Spasticity and ataxia in some of the patients were so pronounced that they had been diagnosed with cerebral palsy previously. Especially the history of gestational bleeding during the last trimester in 1 patient (patient D) as well as placental insufficiency and caesarean delivery reported in another (patient E) suggested this diagnosis.
In adults, it was not easy to trace back a rapid motor and/or intellectual decline during infancy/early childhood. The history, however, revealed a slow and steadily decreasing motor ability in at least 4 of the 5 patients presented. This raised the question of whether a defined neurodegenerative or neurometabolic disease was the underlying disorder.
The progressive development of motor symptoms in patients with DS possibly has its counterpart in findings from animal studies that revealed an upregulation of Na v 1.1 expression in normally developing mice during the first postnatal weeks but not in mice carrying an SCN1A mutation [Ogiwara et al., 2007] .
Hypomimia in all of our patients, together with bradykinesia and abnormal latency in initiating movements would not have been typical findings in cerebral palsy. These symptoms resembled those seen in Parkinson's disease, but there could be no rigor found in patients with DS; the tremor they showed was of higher frequency than parkinsonian tremor and was a tremor at sustained position and action tremor. Moreover, the hypomimia of our patients was accentuated in the midface. Ataxia was present in all of our patients. Four of 5 SMEI patients showed additional clear-cut spasticity of different severity, which was pronounced in the lower limbs. The motor impairment prevented all but one patient from walking independently. MRI of the brain was available in 3 patients only. None of these had marked cerebellar atrophy or other pathology of the cerebellum. In all 3 patients, a bilateral atrophy of the frontal lobes was obvious. Gait disorders, as well as dysathria, recognised in our patients could be well explained in terms of a frontal lobe disorder. Our findings, however, are not at all sufficient to justify the diagnosis of frontal ataxia. The oculomotor signs in 2 patients (A, C) likewise speak in favour of a, at least additional, cerebellar dysfunction in these individuals. In this context, data from animal models of human SCN1A syndromes are to be considered. In a knockout mouse model of DS, homozygous mutants exhibited ataxia and seizures beginning 9 days after birth, leading progressively to mild limb tremors, side-to-side swaying and complete loss of postural control; mice genetically engineered to harbour a pathogenetic SMEI mutation (R1407X) in the SCN1A gene likewise developed an unstable gait, besides tonicclonic and clonic seizures [Yu et al., 2006; Ogiwara et al., 2007] . Possibly corresponding to these findings, cerebellar Purkinje neurons from Na v mutant mice demonstrated significantly decreased sodium currents, which may serve as an explanation for the ataxia in these animals [Kalume et al., 2007] .
Nevertheless, concomitant motor (other than ataxia) and behavioural symptoms in our patients point to the frontal lobes being involved in the pathomechanism of the phenotype we saw consistently: bradykinesia, responding with latency, slow speaking with a thin voice, midface hypomimia and verbal perseveration. These clinical symptoms match in parts (our patients with DS were probably more energetic and tenacious in their perseverative behaviour) with the behavioural complex described by Fisher [1983] and termed 'bradyphrenia' or 'abulia minor' by the author himself. Lack of spontaneity and initiative, slowness and poverty of movement, mental slowness and apathy, verbal and motor response given after a delay of up to several minutes, faint voice as well as perseveration were mentioned by this author among the difficulties experienced by bradyphrenics. He related these clinical features anatomically to the frontal lobes and biochemically to the dopamine (DA) system; i.e. a dysfunction of the dopaminergic afferents from the midbrain monaminergic nuclei (ventral tegmental area) to the frontal lobes, the s.c. mesofrontal (-cortical) system [Fisher, 1983; Gaspar et al., 1992] . Fisher [1983] discussed whether abulia resulted from a defect in the same system that is excessively activated in behavioural hyperactivity. This could be of significance with respect to the observation that many patients with DS are hyperactive during childhood and get slow and perseverative in adolescence or adulthood [Dravet et al., 2002] . In 2 of our patients, the history revealed unequivocally hyperactive behaviour during infancy and childhood, changing thereafter to the phenotype described above. There is much evidence for assuming that DA plays a crucial role in cortical regulation of motor and cognitive processes, and that a dysregulation of frontal dopaminergic neurotransmission is likely to contribute to attention-deficit/hyperactivity disorder [Heijtz et al., 2007] . However, at the cellular and synaptic level, the effects of DA in the frontal cortex are highly complex and opposing with respect to different receptor subtypes (D1-vs. D2-like) and are likely to display different age-dependent effects in normal developing as well as in early brain damage [Heijtz et al., 2007; Durstewitz and Seamans, 2008; Boyce and Finlay, 2009] . The striking hypomimia in our patients falls into line with the assumption of a frontal dysfunction, as facial movements are under powerful influence of the frontal cortex and emotional facial expressions are known to be impoverished in frontal cerebral pathology [Weddell et al., 1990; Morecraft et al., 2004; Juckel et al., 2010] .
Studies on the spatial distribution of SCN1A /Na v 1.1 expression in rodent and human brain are in accordance with the assumption of a frontal/mesofrontal and additional cerebellar dysfunction underlying the DS motorbehavioural phenotype. In a report on the distribution of voltage-gated sodium channel ␣ subunit proteins in post-mortem adult human brain, sodium-channel type I could be localised to the cerebral cortex (middle frontal gyrus, middle temporal gyrus, visual cortex, and sensory-motor cortex) as well as to the cerebellar cortex [Whitaker et al., 2001] . In mice, Na v 1.1 expression could be observed in neocortical interneurons, the hippocampus, the cerebellum Purkinje cells, and deep cerebellar nuclei but also in the thalamus and various brainstem regions, distinctively the ventral tegmental area, and also in the spinal cord [Ogiwara et al., 2007; Duflocq et al., 2008] .
It does not seem to be likely that the severity of the previously described movement and behavioural disorders in DS depends on the number or frequency of seizures the patients had experienced; one of our patients (patient E) showed large-scale bradykinesia, hypomimia and perseveration but was seizure free for 12 years under bromide. The possible relation between the development of the motor symptoms and anticonvulsive drugs cannot be analysed sufficiently in the group of patients described in this report as all patients had been treated with almost every drug available. Children and adults with DS in our and other German centres receive bromide very often and over long periods of time; therefore, this compound should deserve particular consideration. There are, however, no reports on motor symptoms appearing under long-term treatment with bromide. All but one of our patients were on valproic acid (VPA) at their most recent examination. In single cases, VPA can induce a chronic encephalopathy with parkinsonian symptoms and ataxia in some of the affected individuals, but these symptoms are reversible after VPA withdrawal [Armon et al., 1996] . Moreover, our patient who had not received VPA for years (patient C) showed most pronounced bradykinesia, hypomimia and gait disturbance when he was examined.
To work out the motor-behavioural phenotype of SMEI more precisely, and to further clarify questions of causality, our group has prepared a comparative study with elaborated instruments and larger groups of DSand non-DS patients with difficult-to-treat epilepsies and ID.
